Objective-We recently demonstrated that primitive neural crest-derived (NC) cells migrate from the cardiac neural crest during embryonic development and remain in the heart as dormant stem cells, with the capacity to differentiate into various cell types, including cardiomyocytes. Here, we examined the migration and differentiation potential of these cells on myocardial infarction (MI). Methods and Results-We obtained double-transgenic mice by crossing protein-0 promoter-Cre mice with Floxed-enhanced green fluorescent protein mice, in which the NC cells express enhanced green fluorescent protein. In the neonatal heart, NC stem cells (NCSCs) were localized predominantly in the outflow tract, but they were also distributed in a gradient from base to apex throughout the ventricular myocardium. Time-lapse video analysis revealed that the NCSCs were migratory. Some NCSCs persisted in the adult heart. On MI, NCSCs accumulated at the ischemic border zone area (BZA), which expresses monocyte chemoattractant protein-1 (MCP-1). Ex vivo cell migration assays demonstrated that MCP-1 induced NCSC migration and that this chemotactic effect was significantly depressed by an anti-MCP-1 antibody. Small NC cardiomyocytes first appeared in the BZA 2 weeks post-MI and gradually increased in number thereafter. Conclusion-These results suggested that NCSCs migrate into the BZA via MCP-1/CCR2 signaling and contribute to the provision of cardiomyocytes for cardiac regeneration after MI. (Arterioscler Thromb Vasc Biol. 2011;31:582-589.)
S everal types of stem cells have been identified in adult heart, including c-Kit-positive, Sca-1-positive, Isl-1positive, and side-population cells. [1] [2] [3] [4] All of these can differentiate into various cell types, including cardiomyocytes. However, the developmental origins of these cardiac stem cells remain unclear.
Neural crest-derived (NC) cells constitute the fourth germ cell layer in the developing embryo. Cells from the neural crest are characterized by extensive migration and can differentiate in various developing tissues into neurons, glial cells, endocrine organs, bone, tooth, cartilage, pigmented epithelium, cornea, and aortic smooth muscle cells. [5] [6] [7] In addition, some NC cells are retained in the adult tissues as dormant stem cells, referred to as NC stem cells (NCSCs). 8 -10 We recently isolated the side-population cells from mammalian heart. 11 These cells formed a neurosphere-like structure that expressed nestin and Musashi-1, which is a marker of undifferentiated neural precursor cells 12 and could differentiate into neurons, glial cells, smooth muscle cells, and cardiomyocytes. Furthermore, when these sphere-forming cells were transplanted into the neural crest of a chick embryo, they migrated and differentiated into neurons and glial cells at the sympathetic ganglia, dorsal root ganglia, and spinal nerves. They also migrated into the developing heart region via the lateral pathway. 11 These results suggested the existence of a pool of NCSCs that are dormant in the adult myocardium. The regenerative potential of such a cell population in injured heart remains to be determined.
This study traced the fate of NC cells in heart during postneonatal growth and after myocardial infarction (MI) using double-transgenic (Tg) mice harboring protein-0 (P0) promoter-Cre 13 and Floxed-enhanced green fluorescent protein (EGFP). 14 The P0 glycoprotein was originally identified as a Schwann cell-specific myelin protein, 15 but it is also expressed in migrating neural crest cells during the early embryonic period in chicks. 16 In the double-Tg mice, transient activation of the P0 promoter induces Cre-mediated recombination, which tags subsets of the NC cells with EGFP. 13, 14, 17 The EGFP-positive NCSCs were concentrated in the outflow tract, although they were also detected in the ventricular myocardium during the perinatal period. Timelapse video analysis of living tissue from these mice revealed migratory NCSCs in the ventricular myocardium. EGFPpositive, NCSC-derived cardiomyocytes appeared during the postnatal period and increased in number as the heart grew. Although there was a corresponding decrease in the number of the EGFP-positive NCSCs as the heart grew, these cells persisted in the adult heart. On MI, the EGFP-positive NCSCs accumulated in the ischemic border zone area (BZA), which expresses monocyte chemoattractant protein-1 (MCP-1). Ex vivo cell migration assays demonstrated that this zonal MCP-1 gradient induced the migration of NCSCs, which then contributed to the regeneration of cardiomyocytes following injury.
Methods

Animals
The P0-Cre and plasminogen activator-Cre recombinase Tg mice were provided by K. Yamamura 13 and S. Dufour, 18 respectively. The Wnt-1-Cre recombinase Tg mice 19 were purchased from the Jackson Laboratory. The CAG-CAT-EGFP Tg mice were a gift from J. Miyazaki. 14 All experimental procedures and protocols were approved by the Animal Care and Use Committee of Keio University, Japan, and conformed to the National Institutes of Health Guide for the Care and Use of Laboratory Animals.
Flow Cytometry
Neonatal hearts from P0-cre/EGFP Tg mice were enzymatically digested in preparation for flow cytometry analysis. Cells were washed twice with phosphate-buffered saline (PBS) and then fixed with 2% paraformaldehyde for 10 minutes on ice. Cells were resuspended to a concentration of 10 6 cells/mL in PBS. In all experiments, 5ϫ10 4 events were analyzed. To isolate EGFP-positive cells from the neonatal hearts, we adopted pseudo-2-dimensional separation using 2 band-pass filters, for green fluorescent protein (515 to 545 nm) and allophycocyanin (650 to 670 nm). By this method, autofluorescing nonstained cells were distributed on the diagonal line, whereas the EGFP-positive cells were localized above the diagonal line. We then sorted the EGFP-positive cells and confirmed their emission phenotype by fluorescence microscopy. The EGFP-positive cells were stained using mouse anti-nestin antibody (Abcam, 1:100), phycoerythrin-labeled rat anti-mouse CD117 (c-kit, BD Bioscience, 1:200), and phycoerythrin-labeled rat anti-mouse Ly-6A/E (Sca-1, BD Bioscience, 1:200). Alexa Fluor 594 -conjugated donkey anti-mouse immunoglobulin (Molecular Probes, 1:500) was used as a secondary antibody to detect the anti-nestin antibody binding. Cell analysis and sorting were performed on a triple-laser BD FACSAria (Becton Dickinson).
Generation of MI
MI was generated as described previously. 20 Briefly, 8-week-old mice were lightly anesthetized with diethyl ether, intubated, and then fully anesthetized with 0.5% isoflurane gas while being mechanically ventilated with a Harvard respirator. A thoracotomy was then performed at the fourth intercostal space to expose the heart, and the left coronary artery was ligated at the mid-left ventricular level with 7-0 silk. The chest was then closed, and the mice were maintained under standard conditions. Control mice were subjected to sham operations. The mice were euthanized at 1, 2, 3, 4, 8, and 12 weeks postsurgery, and their hearts were isolated.
Histology and Immunostaining
Mice were euthanized using pentobarbital injection before perfusion of the hearts from the apex with PBS and perfusion fixing with 4% paraformaldehyde in PBS. The hearts were then dissected, cryopro-tected in sucrose at 4°C, embedded in OCT compound (Miles Scientific), and snap-frozen in liquid nitrogen. The fixed-frozen heart tissue was sectioned (8-m thickness) using a CM3050S cryostat (Leica) and short-axis sections at the mid-(left ventricle) level were stained with Azan. For immunostaining, sections were blocked in 5% bovine serum albumin for 30 minutes at room temperature and stained with anti-␣-actinin (clone EA53, 1:800, Sigma), anti-GATA4 (N-19, 1:400, Santa Cruz Biotechnology), anti-connexin 43 (CX43, 1:400, Sigma), anti-nestin (Rat 401, 1:200, Hybridoma Bank), anti-P0 (1:500, Pzo Aves Laboratories) or anti-c-Kit (AF1356, 1:200, R&D Systems) antibodies overnight at 4°C. Secondary antibodies conjugated with Alexa Fluor 488, Alexa Fluor 594, or Alexa Fluor 633 (1:500; Molecular Probes) were applied for 1 hour at 4°C. Nuclei were stained with TO-PRO-3 or 4Ј,6-diamidino-2phenylindole (Molecular Probes) in mounting medium. Slides were observed on a confocal laser-scanning microscope (LSM510, Carl Zeiss) equipped with a Ti-Sapphire 2-photon femtosecond laser (MaiTai, Spectra-Physics) using appropriate emission filters. The EGFP signal was confirmed by emission fingerprinting using the LSM 510 META-spectrometer (Carl Zeiss). At least 100 sections for each heart were immunostained, and the results were evaluated by 3 independent observers. For the quantitative analysis of cardiomyocytes, each area was examined in at least 10 sections (80 m), to avoid duplication in the counting.
Time-Lapse Imaging
Short-axis heart slices (200 m thick) from the neonatal heart were placed on a Millicell-CM (pore size, 0.4 m, Millipore, Bedford, MA), mounted in collagen gel, and cultured in Neurobasal medium containing B27 (Invitrogen, San Diego, CA). The dishes were then mounted in a CO 2 incubator chamber (5% CO 2 at 37°C) fitted onto a FV300 confocal microscope (Olympus Optical, Tokyo, Japan). The interventricular septum, left ventricular free wall, and right ventricular region of the neonatal heart were analyzed. Approximately 10 to 20 optical Z sections were obtained automatically every 30 minutes, and ϳ20 focal planes (ϳ50 m thickness) were merged to visualize the shape of the entire cell.
Cell Migration Assay
Cell migration assays were conducted in 24-well, 6.5-mm internaldiameter Transwell cluster plates (Corning Costar) on cells prepared from the ventricles of 1-day-old neonatal mice by enzymatic dissociation. After the cells were fully suspended, the EGFP-positive cells were sorted by flow cytometry as described, and 1.0ϫ10 4 /100 L were loaded onto polycarbonate membranes (8-m pore size) separating the 2 Transwell chambers. B27/0.1% fetal bovine serum (500 L) containing recombinant human CCL2/MCP-1 (R&D Systems) was added to the lower chambers, and rabbit polyclonal anti-MCP-1 antibodies (100 ng/mL, Abcam) were used to neutralize the MCP-1. Predesigned mouse CCR2 small interfering (si) RNA (MSS203051; Invitrogen) was transfected with Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions. Briefly, 6 L of Lipofectamine 2000 was diluted in 1 mL of Opti-MEM I Reduced Serum Medium (Invitrogen), incubated for 15 minutes at room temperature, and mixed with an appropriate amount of CCR2 siRNA (final concentration, 50 nmol/L). After 15 minutes of incubation at room temperature, the mixture was added to each well of sorted NCs. After 24 hours, cells migrating into the lower chamber were counted.
Cell Proliferation Assay
Immediately after MI, mice were injected intraperitoneally with 5-bromo-2Ј-deoxyuridine (BrdU) (BrdU labeling kit 1296 736, Roche, Basel, Switzerland). Mice were killed 7days after MI and fresh frozen sections were prepared. After antigen retrieval with histoVT One (L6F9587; Nacalai Tesque, Kyoto, Japan) and blocking, BrdU staining was performed according to the manufacturer's instructions.
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Reverse Transcription-Polymerase Chain Reaction Analysis
Isolation of RNA and reverse transcription-polymerase chain reaction were performed as described previously. 11 MCP-1 and CCR2 were detected using 0.01 g of total RNA and the following primers: MCP-1, 5Ј-GGATCAGAGATACTCATGAT-3Ј (forward) and 5Ј-GAGAAGATTACCTGAGTACA-3Ј (reverse); CCR2, 5Ј-GAGGT-CTCGGTTGGGTTGTA-3Ј (forward) and 5Ј-CCACATAGGGAT-CATGACCC-3Ј (reverse).
Statistical Analyses
The values are presented as meanϮSEM. Statistical significance was evaluated using unpaired Student t tests for comparisons of 2 mean values. Multiple comparisons among 3 or more groups were performed using ANOVA. A value of PϽ0.05 was considered significant.
Results
NC Cells Migrate to and Survive in the Heart
To trace the fate of NC cells, we generated P0-Cre/Floxed-EGFP double-Tg mice (Supplemental Figure I , available online at http://atvb.ahajournals.org). Our initial screening revealed that EGFP-positive cells in these mice were consistent with known NC populations, including those found in the peripheral nervous system, adrenal glands, epidermis, and sympathetic nerve ganglion (Supplemental Figure II) . At postnatal day 1, EGFP fluorescence was observed in the aorta, pulmonary artery, and outflow tract of the heart in each P0-Cre/Floxed-EGFP mouse ( Figure 1A ). On postnatal day 1 and embryonic day 17.5, immunohistological analyses revealed EGFP-positive cells densely distributed at the septum between the aorta and pulmonary artery, as well as in the outflow tract ( Figure 1B) . Notably, nucleated EGFP-positive cells were detected in the interventricular septum, left ventricular free wall, apex, and both atria ( Figure 1C ); these EGFP-positive cells were small and immunonegative for actinin.
The Dynamic Movement of NCSCs in Murine Heart
We next attempted to isolate EGFP-positive cells from the neonatal hearts by fluorescence-activated cell sorting. Using pseudo-2-dimensional separation with 2 band-pass filters for green fluorescent protein and allophycocyanin, the EGFPpositive cells were localized above the diagonal line as a distinct population (population 1) ( Figure 2A ). Among the total cells in a whole heart dissected from 1-day-old P0-Cre/ Floxed-EGFP mice, 0.2Ϯ0.02% cells were EGFP positive. These cells were then sorted again using specific antibodies against nestin, c-kit, and sca-1 ( Figure 2B ), resulting in 37.5Ϯ1.5% nestin/EGFP-positive cells, 2.2Ϯ0.4% c-kit/ EGFP-positive cells, and no sca-1/EGFP-positive cells. The existence of cells positive for both nestin and EGFP was confirmed by immunohistological analyses ( Figure 2C ). The outflow tract of 1-day-old P0-Cre/Floxed-EGFP mice showed most EGFP-positive cells expressing nestin. None of these double-positive cells expressed actinin. Furthermore, we performed a sphere-forming assay, in which EGFP-positive cells were collected from the ventricles of 1-day-old P0-Cre/ Floxed-EGFP mice by flow cytometry and cultured at a clonal density of 5ϫ10 3 cells/mL in serum-free sphereforming medium that contained human epidermal growth factor, human fibroblast growth factor 2, and B27. The EGFP-positive cells proliferated to form spheres that were morphologically similar to neurospheres after 14 days (Supplemental Figure III) . These spheres expressed nestin and P75 nerve growth factor receptor (p75 NGFR ) but did not express either c-kit or sca-1.
Next, we sought to visualize any NCSC migration in the myocardium in vivo. Time-lapse video imaging of slice cultures from postnatal P0-Cre/Floxed-EGFP mice revealed that the EGFP-positive NCSCs were indeed dynamic ( Figure 2D and Supplemental Video). The migration rate of these EGFP- positive NCSCs was higher in the interventricular septum than that in the left or right ventricular free wall ( Figure 2E ).
NCSCs Spontaneously Differentiate Into Cardiomyocytes in Postnatal Heart
We next investigated whether the EGFP-positive NC cells could differentiate into cardiomyocytes in vivo under physiological conditions. EGFP-positive cardiomyocytes were not detected during the neonatal stage or in the first week after birth but appeared at 2 weeks postnatally and increased in number thereafter ( Figure 3A ). At 10 weeks of age, the EGFP-positive cardiomyocytes were detected throughout the heart, being most abundant at the basal interventricular septum ( Figure 3B and 3C). Although there was a corresponding decrease in the number of actinin-negative nucleated EGFP-positive cells as the heart grew, these cells persisted in the adult heart ( Figure 3D ), where they tended to form clusters and expressed connexin 43 ( Figure  3E ) and GATA4 ( Figure 3F ).
To confirm whether NCSCs contribute to the provision of cardiomyocytes during postneonatal maturation, we examined the hearts from 2 different Tg murine models with genetically tagged NC cells. NCSC-derived cardiomyocytes (actininpositive, EGFP-positive cells) were observed in the left ventricles of both plasminogen activator-Cre 18 /Floxed EGFP mice ( Figure 3G ) and Wnt-1 19 -Cre/floxed-EGFP mice ( Figure 3H ).
NC Cells Accumulate in the BZA After MI
We also investigated the pathophysiological role of cardiac NC cells by inducing MI and observing the contribution of these cells to the repair process. Many EGFP-positive cells were observed in the ischemic BZA and infarct area ( Figure  4A) , with 10-fold more EGFP-positive cells in the BZA than in the nonischemic area ( Figure 4B ). Emission spectrum measurements confirmed that the green fluorescence was produced by EGFP and were not due to autofluorescence from inflammatory cells ( Figure 4A, right) . The BrdU incorporation study revealed that most EGFP-positive cells in the BZA were proliferating (Supplemental Figure IV) . However, BrdU incorporation was barely detectable in nestin-positive cells. The EGFP-positive cell numbers in the BZA were increased by 1 week post-MI, peaked at 1 month post-MI, and then decreased gradually thereafter ( Figure 4C ). These cells were particularly concentrated in the vicinity of the surviving cardiomyocytes facing the necrotic area ( Figure 4D ). Some nucleated EGFP-expressing cells were also nestin-positive ( Figure 4E ). These cells were negative for c-Kit. The c-Kitpositive cells tended to be in different clusters and were negative for EGFP ( Figure 4F ).
MCP-1 Induces NCSC Migration
The nestin-positive NC cells accumulated in the BZA and infarct area after MI. We then asked how the EGFP-positive NCSCs could migrate toward these foci of active myocardial injury after MI. MCP-1 expression was also detected at 1 week post-MI in the ischemic BZA, peaking at 2 weeks post-MI, and decreasing thereafter ( Figure 5A ). In addition, the MCP-1 receptor CCR2 was constitutively expressed on the surface of NCSCs, although at lower levels than on bone marrow cells ( Figure 5B ).To examine whether this MCP-1 expression in the BZA could drive the NCSC migration via interactions with CCR2, NCSCs were isolated from postnatal hearts and subjected to cell migration assay ( Figure 5C ). MCP-1 at the lowest dose of 0.1 ng/mL induced NCSC migration in vitro, with the maximum migration rate reached at 1.0 ng/mL MCP-1. This cell migration was completely abolished in the presence of neutralizing antibodies against MCP-1 or by the addition of CCR2 siRNA into the media bathing the sorted cells ( Figure 5D and 5E) . These results suggested that MCP-1 provides important guidance cues for NCSC migration after MI.
NCSCs From Adult Heart Contribute to Regeneration After MI
We finally investigated whether NCSCs could differentiate into cardiomyocytes after MI. EGFP-positive cardiomyocytes were observed in the BZA of P0-Cre/Floxed-EGFP mice ( Figure 6A ), adjacent to both the surviving cardiomyocytes and the infarcted area, and no EGFP-positive cardiomyocytes were observed at the center of the infarcted area. These EGFP-positive cells were smaller than the surrounding cardiomyocytes ( Figure 6B) . The EGFP-positive cardiomyocytes first appeared at 2 weeks post-MI, and gradually increased in number to peak at 4 weeks post-MI ( Figure 6C) . 
Discussion
During embryogenesis, NC cells migrate into tissues and differentiate into various cell types, although some persist as NCSCs in the adult. Using genetically tagged cells arising from neural crest, we demonstrated that NC cells migrated into the developing heart. Flow cytometric analysis of cells isolated from the whole heart of 1-day-old mice revealed that 0.2Ϯ0.02% of total cells were NC cells. Of these, 37.5Ϯ1.5% expressed nestin, a marker of undifferentiated neuronal precursor cells, indicating that they are retained in the hearts as dormant NCSCs. NCSCs were localized predominantly in the outflow tract, but they were also distributed throughout ventricular myocardium in a decreasing gradient from base to apex. Notably, we successfully visualized the dynamic nature of NC cells in the ventricular wall by time-lapse imaging of living myocardial slice cultures. The number of NCSCs decreased as the heart grew, but some cells persisted in the adult heart. Interestingly, these cells were strikingly accumulated in the ischemic border zone after MI and contributed to the regeneration of injured myocardium, at least in part, via differentiation into cardiomyocytes. Ex vivo migration assays further suggested that MCP-1 secreted from the BZA acts as an important guidance molecule for NC cell migration.
In the present study, we used P0 to trace the fate of the neural crest cell lineage. In the P0-Cre/Floxed EGFP mice, we confirmed that the EGFP-expressing cells were consistent with known NC populations. As a negative control, we examined the immunofluorescence patterns in P0-Cre and floxed-EGFP single-Tg mice and detected no EGFP-positive cells. We also ruled out autofluorescence from irrelevant cells. We do not believe that the appearance of EGFP-positive cells in the hearts of P0-Cre/Floxed EGFP mice simply reflects unanticipated induction of P0 expression in the postnatal mesoderm-derived cardiomyocytes, as EGFPpositive cardiomyocytes were also observed in hearts from other Tg mice models that can trace the fate of NC-cells, such as tissue plasminogen activator-Cre 18 /Floxed EGFP mice and Wnt-1-Cre 19 /floxed-EGFP mice. The nestin-positive NC cells accumulated in the BZA and infarct area after MI. This phenomenon resembles the behavior of neural stem cells in brain, where they remain in the subventricular zone as dormant stem cells. 21 On differentiation into neuroblasts, these neural stem cells migrate to the olfactory bulb under normal physiological conditions, 22 whereas they migrate and differentiate into mature neurons in the poststroke adult striatum 23 under the influence of chemokines (chemotactic cytokines) secreted from the infarct area. 24 We previously demonstrated primitive NC cells migrating from the cardiac neural crest during embryonic development and remaining in the heart as dormant stem cells. 11 Although NCSCs were localized predominantly in the outflow tract, they were also distributed throughout ventricular myocardium and were obviously dynamic. On the basis of these similarities, we propose that the migration of cardiac NCSCs in the BZA is induced by paracrine factors from the infarct area.
Chemokines are small heparin-binding proteins whose main function is to regulate cell trafficking. Once induced, the direct migration of cells expressing the appropriate chemokine receptors occurs along a chemical ligand gradient, whereby cells move more strongly toward the higher concentration of chemokines. 25 MCP-1 is a key chemokine in the regulation of migration and infiltration of monocyte/macrophages. 26 MCP-1 expression and function has also been implicated in the pathogenesis of cardiovascular diseases. 27 MCP-1 causes diapedesis of monocytes from the lumen to the subendothelial space, where they become foam cells, initiating fatty streak formation that leads to atherosclerotic plaque formation. Studies in Tg mice expressing MCP-1, the knockout MCP-1 gene, or the MCP-1 receptor CCR2 indicated that the MCP-1/CCR2 system functions in recruiting monocytes to atheroma. 28 -32 The pathogenesis of restenosis after balloon angioplasty involves the migration of medial smooth muscle cells across the internal elastic lamina to form a neointima. Accumulating evidence indicated that balloon injury induces local MCP-1 production and anti-MCP-1/CCR2 approaches could cause significant reduction in neointimal hyperplasia. [33] [34] [35] MCP-1 also has a critical role in the early recruitment of macrophages to the healing infarct. MCP-1-deficient animals exhibit reduced and delayed infiltration of mononuclear cells into infarcted heart, resulting in impaired replacement of injured cardiomyocytes with granulation tissues, impaired macrophage differentiation, and diminished myofibroblast infiltration. 36 In the present study, we demonstrated a novel function of MCP-1 via its chemotactic activity. The MCP-1 receptor CCR2 is constitutively expressed on the surface of NCSCs, and ex vivo cell migration assays demonstrated that MCP-1 induces NCSC migration in a dose-dependent manner that was completely abolished by neutralizating antibodies against MCP-1. These results suggested that direct migration of NCSCs expressing CCR2 occurs along an chemotactic MCP-1 gradient. However, the production of MCP-1 could in turn elicit blood cell migration into the heart. Thus, EGFP-positive NCSCs from bone marrow should also be considered as an alternative source of EGFP-positive cardiomyocytes. 37 Future studies are necessary to clarify the quantitative contribution between cardiac-resident and bone marrow-derived NCSCs in terms of myocardial regeneration after MI.
NCSCs have a capacity for self-renewal, migration, and differentiation. The factors supporting NCSC self-renewal and differentiation have been described previously: the synergistic activity of Wnt and brain natriuretic peptide signaling regulates NCSC self-renewal, whereas each individual factor alone promotes lineage decision. 38 The transforming growth factor-␤ family promotes autonomic neurogenesis and the development of smooth muscle-like cells, whereas neuregulin-1 induces the generation of peripheral glia. In the present study, we found that MCP-1/CCR2 signaling plays a key role in NCSC migration following the ischemic insult. Whether MCP-1/CCR2 signaling also stimulates NCSC selfrenewal remains unknown. In the ischemic border zone, BrdU incorporation into the NCSCs was barely detectable. Most of the BrdU-positive NC-derived cells are lineagecommitted cells. Thus, we do not think that MCP-1/CCR2 signaling stimulates NCSC self-renewal.
In conclusion, cardiac NCSCs represent a source of cardiomyocytes for postneonatal heart growth and cardiac regeneration after MI. NCSCs may have clinical importance and should be studied further, because cardiosphere culturing is a feasible method for the isolation of cardiac stem cells from human heart biopsies. 
Sources of Funding
